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Abstract

The sample (0.5 1 H,0), made alk. to pH 8-9, was evapd. to dryness and
dried at 60°; the regidue was dissolved in 1:1 HCl and extd. 2 times
with 50 ml. ether. The ether ext. was neutralized with 0.01N NaOH,
the ether was removed, and the ag. phase was evapd. to a l1-ml. vol.,
acidified with H.S0,, and passed through a column filled with SiO..
The acids were sepd. into 4 fractions (a, b, ¢, d) by subsequent
elution with 5, 10, 20, and 30% BuOH in CHCl. and each fraction was
sepd, by paper chromatography; the solvent was 7:3 PhOH-1% HCO_H
(fractions a and b) and 18:2:9 BuOH-1% HCO_H-H O {fractions ¢ and 4),
the spots were located by spraying with 0. 84% ale, bromocresocl green.
The fractions consist of: (a) pyruvic, fumaric, glutaric, and adipic;
{b) succinic and lactic; (¢) oxalic and gallic; and (d) citric acids.
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ANNOTATION

The results of work on separation of four groups of non-
volatile organic acids from natural waters by partition chroma-
tography on silica gel are reported; oxalic, pyruvié, fumaric
(glutaric) and lactic, as well as other unidentified nonvolatile

acids, were found among the acids separated.

ii



DETERMINATION OF NONVOLATILE CARBOXYLIC ACIDS IN NATURAL WATERS

I. A. Goncharova, A. N. Khomenko and A. D. Semenov
Hydrochemical Insfitute, Novecherkassk

Organic acids enter water:. as a result of the vital activities/116
of aguatic animals and plants [1-4], as well as with soll solutions
(5, 6].

Oxalic, tartaric, succinie, citric, malic and lactic acilds
have been found among the nonvolatile carboxylic aclds in the
secretations of algae [1, 2]. Oxalie, succiniec, fumaric, gallic
and certain other acids also have been found in soil solutions

(5, 61].

As the first investigations have shown, the group of carboxylic
acids in natural waters is very large and diverse in composition.
It includes acids . which differ in structure, molezular weight,
physical and chemical properties and physiological activity. If it
also is considered that the composition of the acids evidently is
highly changeable and that the content of some of them is very
small, it becomes clear that detection and identification of acids
in the water is quite a difficult task. It has been successfully
solved in part, by using partition chromatography to this end
[7, 81. |

Butyric, acetic, formic, lactic, aconitic and citric acids
and others which could not be identified, have been found identi-
fied in river water [8]. The acids listed do not exhaust all of
the complex set of acids dissolved in water and, moreover, it is
not certain that some of them, as the authors of one of the works
mentions, appear in water "as a result of alkaline hydrolysis of
complex substances in a concentrated sample™ [7]. In this manner,
only preliminary data on : the qualitative composition of

this large_group‘were obtained.

¥Numbers in the margin indicate pagination in the forelgn text. ;



At the present time, determination of organic acids by parti-
tion chromatogfaphy-on silica gel iS‘Quiﬁé widespread [9]., In
particular, for determinatien of butyric, propicnic and acetic acids
in natural water, a modification of this method was proposed /117%
earlier, the use of which permitted information to be cobtained on
the composition of volatile organic acids in a number of samples of
surface and subsurface water [10]. The results of use of this
modification for determination of nonvolatile carboxylic acids are

pPresented in this report.

To establlish the optlmum conditions for separation of non-
volatile carboxylic acids, tests were conducted with solutions of
the pure substances. A mixture consisting of 10 acids was pre-
pared: formiec, lactlic, citric, fumaric, butyric, adiple, pyruvie,
succinic, oxalic and gallic. The first three acids, as has been
mentioned above, have been found in water [8], and the presence of
the remalnder has not been established. Acids adsorbed on a
gilica gel column, were .eluted sequentially with 5, 10, 20 and 30%

solutions of butancl in chloroform [10].

While each of the velatile acids (butyric, propionic, acetic)
has its characteristic elution peak, which makes it possible to
establish the presence of a given acid without additional identi-
fication, in the case of the nonvolatile acids, only group identi-
fication 1is possible, since one sclvent elutes several acids. It
was determined that the acids included in the mixture begin toc be
eluted only with 5% and higher butanol content in chloroform, and
that they make up four groups (Table 1). Such a group chromato-
graphic determination of the acids was carried out in samples of
various natural waters. The results of the Identification are

given 1In Table 2.
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TAELE 1
Comp@sition of individual groups of organlc acids, separated on a
silica gel column

Group I I . IIT Iv
Butanol content
in chloroform, % 5 . 10 20 30
Formic Lactic Oxalic Citric
Fumaric .sugcinic Gallic
Aecid Butyric
Adipic
Pyruvic ' “
B TABLE . 2
Results of determination of acids in water
' Acid Content, pg-eq/1
gg;;le Nonvolatlle _
Water Source Taken Volatile T o 1T III IV Total
Don River Nov '64| 2.80 6.8312.13] 1.13] 7.11] 20.00
Don River Jan '65 0.38 2,80 0.25 | 0.38] 0.28 4,09
Kama River Sep '63] 11.05 L,23 ]| 2.21]2.40| 3.60} 23.49
Volgograd Oct '64 2.42 [11.63]11.16 | none| 3.04] 18.25
reservolr ; '
Kubah drowned Nov '64 3.82 17.47 [ 3.1011.79} 5.09] 31.27
estuary _
Well in Maykop | Jul '64}761.7 1.70 | 2.20 | 1.00}| 1.50]768.10
gas field
Well No. 28 Aug '6L1963.0 1.90 ) 2.10 | none| 0.95|968.0

- ———

For the purpose of determining the yield of acids, tests were/118
carried out, with addition of the 10 acids listed above to a sample
of natural water (Volgograd reservoir). The tests were conducted
in the following manner. A mixture containing 100 ug-eq of acid
(10 ug-eq each) was added to 0.5 1 of water, caustic soda was added
to pH 9 and it was evaporated almost to dryness. The residue was
dried in a desicecator, at a temperature of 60°C, and dissolved in
two ml of HC1l solution (1:1), after which the organlc acids were
extracted twice with 50 ml of diethyl ether by shaking in a separa-
tory funnel for a periecd of 10 min. The ether extract (100 ml)



was neutralized with 0.01 N alkali solution, the ether was removed
and the water residue of organic acid salts was evaporated to 1 mi,
acidified with Q.5 N sulfuric acid and placed in a column for
chromatography. Thé yield of the group of nonvolatile organic
acids indicatéd in Table 1, with the background content subiracted,

is presented in Table 3.

TABLE 3
Yield of individual groups of nonvolatile acids
| I _ TI . IIT IV oo
E ﬂ? Found E ? Found E EF Found E EI; Found ?g a? %D%
2 Hug-eq 2|29 ug-eq| %S P ug-cal 5| T Dug-eq | L% (2
50 (43.1 [ 86| 20 1 15.4 )77 ] 20 7.2 |136{ 10 6.1 |61 | 71.8} 72
50 | 42.9 | 86] 20 ] 12.9 | 65| 20 7.6 138( 10 6.1 | 61| 69.5] 70

After separation in the column and quantitative determination
of the acids in the eluate, paper chromatography was used to identi-
fy them. A satisfactory separation of the acids on standard chro-
matograms was obtained by use of the following solvents: Phencl-

1% formic acid solution in 7:3 ratio for Group I and IT acids, and
butanol-formic acid-water in 18:2:9 ratio for Group III and IV

acids [5]. The Rg
for the acids separated from natural water, are given in Table by

values obtained for standard. elution samples and

Formic acid, as a volatile in these solvent systems, cannot be

identified.

Grade "m" chromatographic paper of the Leningrad mill was used
for the chromatography (for slow absorption). Duration of the
chromatography was 8 hours. Upon completion of the test, the
solvent was removed by drying (the chromatograms usually were left
overnight at room temperature). The locations of the spots of
organic acids on the chromatogram were determined by spraylng with

0.04% alcohol solution of bromocresol green.



TABLE 4

Rf valueg ghtalned for standard chromatograms and for acids separated
from water - . §

""" e - Rp values
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I Pyruvic 0.49 0.26 0.29 0.16 0.22 0.24
. 0.23 0.28

Fumarie 0.54} _ L
Butyric 0 79} 0. 47 = C.41 49
Adipic 0.86 .81 - - 0.64 -
1T Suceinic 0.49 0.48 - 0.12 0.18 0.24
Lactic 0.54 0.53 - - - 0.51
IIT | Oxalic 0.14 0.11 — 0.13 — | 0.15
Gallie 0.64 0.66 - - - —_
Iv Citric 0.40 - c.17 0.26
0.61 0.27 |
0.70 ' 0.26
Note: A dash indipates the absence of data

It is evident from the data of Table 4 that the Rf values in
the first group of acids, determined separately for each acid, are
higher than for mixtures of them. Moreover, fumaric and glutarie
acids demonstrate identical mobility in the mixture; therefore,
there may be inaccuracies in identification of unknown acids in

mixtufes of them.

As a result of separation of the nonvolatile acids on the
stilica gel column (see Table 2) and subsequent paper chromatog-
raphy, four groups of acids were found in samples of natural water/119

(see Table 4), and some of them were identified.

It can be noted from the data of Table 4¥ that the Rf values

obtained in the rfirst group of acids correspond to the values of

pyruvic (Don River, Volgograd reservolr, Kuban drowned estuary)



and fumaric (glutaric) acids Folgograd reservoir and Kuban drowned
egtuary), obtained on the standard chromagran.

The Rp values found iIn the second group of aclds are close to
those for lactic acid (Kuban drowned estuary) and, in the third

group, for oxalic acid (XKama River, Kuban drowned estuary).

Besides, other spots were noted, the Rf values of which are

absent in the standards used.

Other acids, present in very low concentrations, do not give
sufficiently distinct spots for identification of them. The
minimum content of acid, necessary for identification of them under
the conditions adopted, should be at least 0.5 ug-eq of each acid.

Coneclusions

1. The proposed modification of -partition chromatography on
silica gel allows separation of a mixture of formie, pyruvic,
fumaric, glutaric, adipiec, lactic, succinic, galliec and citric acids
inte four groups. The acids can be ldentified by paper chroma-
tography in the following solutions: Phenol-1% formic acid solution
7:3 (for Groups I and II acids) and butanol-1% formic acid-water
18:2:9 {for Groups III and IV acids), with the content of each of /120
them at least 0.5 ug-eq.

2. Four groups of nonvolatile organic acids were separated
from samples of natural water, amcng which acids with Rf values
close to the R. values of oxalie, pyruvic, fumaric (glutaric) and
lactic acids were found. The presence of other unidentified non-

volatile aelds also was established in the samples studied.
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